The model of quantitative interpretation of Auger electron spectroscopy (AES) results is described and some complementary electron energy loss spectroscopy (EELS) results are also reported. It is shown that the InP(100) surfaces perturbed by the Ar+ cleaning treatment can be ordered by Sb deposition. The variations of ditferent Auger lines are interpreted, and the transformations 3D → 2D of the initially formed In clusters can be wełł--followed during the frrst stages of the deposition.
Introduction
The InP(100) samples are cleaned, in a UHV chamber, by low-energy Ar+ ion bombardment (300 eV, 2 μΑ/cm 2 ) [1] . It is observed then that, even if the contamination layer is easily removed, the surfaces are generally depleted from phosphous and indium crystallites are created [2] . The stucture of these microscopic crystallites was determined by the authors [3] using a quantitative interpretation of the Auger electron spectroscopy (AES), the electron energy loss spectroscopy (EELS), and the elastic peak electron spectroscopy (EPES) results.
By condensation of one of the elements from Group V, such as antimony, on the InP(100) surface at room temperature, all the indium crystallites form with the deposit an InSb overlayer [4] . In order to establish the mechanism of the formation of Sb/InP(100) interface, we propose a method of precise interpretation of the evolution of the Auger signals recorded. Based on simple models of In crystallites, the AES intensities are calculated and compared with experimental results obtained.
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Results
It has been observed [1, 3] that under the Ar+ bombardment the ratio of the Auger intensities between Ρ and In signals remains nearly constant ( ≈ 0.28). In this case only some kinds of indium crystallites can be formed on the phosphous rich surface.
The crystallites can be described in a simple way as square stacks of h indium monolayers. Let us denote by μ the fraction of the surface covered by such In stacks. It is seen from Fig. 1 that only some pairs (h, μ) were observed. For most of the values of h such defined coverage μ is smaller than one half of the surface area uncovered by In crystallites. This implies: μ < (1 -μ)/2 or μ ≤ 0.35. It is also seen in Fig. 1 that the whole amount of In atoms present on the surface, which is proportional to n = hμ, increases with increasing h as the bombardment proceeds. The crystallites become greater while the value of μ is decreasing. On this kind of perturbed surfaces antimony deposits are formed already after short periods of exposure to the evaporation source (t < 15 s). The determination of the absolute coverage was made using the deposition of the material onto a clean indium sample. One observes a Stranski-Krastanov [4] growth mode, one monolayer of Sb (6 x 10 14 atoms/cm2) is condensed when the linear parts of the AES lines reach the ends.
The Sb/InP(100) system is characterized by the transformations of the sample surface during the first stages of the deposition and the InSb layer formation. In such a case AES can be a useful method of analysis. However, for this kind of interface formation there is not a general formulation of the Auger intensities. The calculations can be made only if the disappearance of the crystallites and the states of the surface have been described.
Calculation of the Auger current during the formation of the Sb/InP
Before the cleaning treatment the surface of InP is recovered with a contamination layer consisting mainly of carbon. Using a low-energy (300 eV, 2 μΑ/cm 2 ) beam of Ar+ ions, one monolayer of carbon can be removed in about 5 min [1] .
After the clean substrate has been obtained a little prolonged Ar+ treatment ( ≈ min) can induce generally one of the two following kinds of 3D indium clusters: ħ = 3; μ = 0.23 or h = 4; μ = 0.25 [3, 6] . In Fig. 2 [7] . These signals are proportional to the numbers indicated in Fig. 2 .
In the following we will explain in detail the calculation corresponding to the initial state of InP(100) and to the one after the deposition of one Sb monolayer. Each signal should be treated as a sum of distinct contributions because of the anisotropy of the surface. They originate from different parts of the sample and are represented in percentage by the numbers in the expressions given below. For θ = 0 (see Fig. 2 ) we have ISb = 0 and where the first, second and third term on the right hand side represent, respectively, the signal from the free surface (1-μ = 0.77), the substrate through the crystallites (μ = 0.23), the crystallites.
where the first term on the right hand side represents the signal from the non--covered part of the surface, and the second one the signal through the crystallites.
For θ = 1 (Fig. 2) we have obtained a monolayer of an InSb compound on the substrate and where 0.81 is the signal from the free Sb atoms on the surface (1st and 2nd layers) and 0.19 'Sb is the signal from the Sb atoms of the 2nd layer covered by In.
here, 0.19 is the signal from the In atoms in the first layer, 0.5 αIn is the signal of the In atoms of the second monolayer. The third and fourth terms on the right hand side denote the signal from the substrate covered by three layers (Sb or In and P) and from the substrate covered by two monolayers (Sb and P), respectively.
The two terms on the right hand side represent the signal of the part of the substrate covered by two monolayers (Sb and In) and the signal of the substrate through the surface covered by only Sb atoms.
Calculations c n be prolonged until θ > 2 ML is reached and we obtain the theoretical Auger lines (Fig. 3) . A good agreement with the experimental results is observed.
This result induces the reliability of the proposed scheme for the Sb/InP(100) formation. In our opinion, there is an interesting possibility to follow by AES the first stages of the adsorption accompanied by surface submicroscopic transformations. This growth mode is not á classical one in comparison with those known for the metal-metal system [4] . However, after the complete formation of InSb, antimony growth follows roughly the layer-by-layer mechanism and after 6 ML only the Sb signal will be detected in AES spectra as deduced from Fig. 3 .
Some complementary results, obtained by using EELS, are displayed in Fig.  4 . At a coverage near θ = 1.2 we observe the total disappearance of the original metallic indium stuctures (plasmon peaks ħ"., ħω s ) and already the apparition of those of Sb. So this implies the end of the transformation process of the indium crystallites and the beginning of the formation of a pure antimony layer.
The just cleaned bombarded surface
In the previous paper [8] the authors have already mentioned that the just cleaned InP(100) corresponds to the following stacking arrangements: 3/4 In + 1/4 P, P, In, P, In, ...If the ionic beam is not stopped at time, the composition of the last layer can be changed and a small quantity of indium remains on the surface but yet no crystallites are formed (only perhaps some 2D islands). Using AES results under Sb deposition (Fig. 5) we have obtained for the initial coverage of the P rich substrate by the In atoms: the case for which μ = 0.4. Intermediate cases corresponding to an incomplete change of the surface are possible, a part of the In0.75Ρ0.25 two-dimensional compound is always present on the substrate. The Auger signal of phosphorus remains high during the Sb deposition: P atoms are carried up on the surface. Such a case is represented in Fig. 6 . In this case we observe a good correlation between the calculated and recorded AES signals.
Highly bombarded substrates
Thick InSb layers on InP(100) samples can have attractive applications to further experiments (passivation of the surface, buffer layer for metal deposition on the semiconductor etc.). As they are directly related to the quantity of metallic indium present on the initial InP(100) surface, we should be interested in the results obtained from hard bombarded samples. Considering only the Auger signals of the P and Sb species, we obtain only a rough fitting of curves (Fig. 7) . Moreover, a large difference is marked between the calculated and the experimental results for indium (Fig. 8) . This discrepancy is increasing during the Ar+ bombardment, and the evolution of the theoretical AES line is quite different to the recorded one.
In fact, after a prolonged time of Ar+ bombardment, indium crystallites form pyramids [9] . For this case in the model adopted above one can consider this shape of In crystallites at the initial step and for the first stages of the Sb condensation.
The simple cubic model can be again considered when the In droplets are reduced until the end of the rearrangement process. By considering stepped shapes for the pyramidal In crystallites, each Auger current can be again calculated in a similar manner as described in Section 2.1.
An example of the agreement between the calculated and experimental results of the In Auger signals is presented in Fig. 9 . Two different regions (1 and 2) are corresponding to the two different forms considered for the indium crystallites.
Summarizing remarks
The AES and EELS techniques have been applied to investigate the steps of the Sb/InP(100) interface formation. Using a simple model the experimental results are compared with the calculated ones. The good agreement obtained allows us to follow the microscopic variations of the stucture and composition of the surface during the condensation of antimony.
The formation of the InSb layer can be controlled, and it brings about a great stability of the reordered surface and prevents interface migration. [10] .
